Background
Results
The prevalence of adolescent motherhood had declined to a slower pace from 1993 to2014 (from 33.0% to 30.8%). Lower spousal age gap and higher education were found to be associated with lower likelihood of adolescent motherhood both among teenage girls [OR 0.447 (0.374-0.533)] and adult women [OR 0.451 (0.420-0.484)]. Teenage girls in the poorest wealth quintile [OR 1.712 [1.350-2.173 ] were more likely to experience adolescent motherhood than the richest wealth quintile. Teenage girls who had no education were found to have 2.76 times higher odds of adolescent motherhood than their counterparts who had higher than secondary education. Concerning the time effect, the odds of adolescent motherhood among adult women was found to decline overtime.
Conclusions
Despite substantial decrease in total fertility rate in Bangladesh adolescent motherhood is still highly prevalent though declining from 1993 to 2014. Social policies including those addressing poverty, ensuring greater emphasis on education for women; and adolescent mothers in rural areas are needed. PLOS 
Introduction
Adolescent motherhood is a major global problem due to the wide range of health effects and socioeconomic consequences both for mothers and their children, connected with it. Globally about 17 million adolescent girls give birth each year comprising 11.0% of all births worldwide. Majority of these births (95.0%) occur in low-and middle-income countries [1] . The prevalence of adolescent motherhood is much higher in low-income countries as compared to high income countries [1] . Half of all adolescent births occur in just seven countries: Bangladesh, Brazil, the Democratic Republic of the Congo, Ethiopia, India, Nigeria and the United States [1] . Bangladesh has the highest adolescent fertility rate in South Asia where 1 girl in 10 has a child before the age of 15 whereas 1 in 3 adolescent becomes mother or pregnant by the age of 19 [2] [3] [4] . Despite remarkable progress in human development adolescent childbearing is highly persistent in Bangladesh mostly due to the comparatively higher prevalence of child marriage [5, 6] . There are ample evidences suggesting that adolescent motherhood takes a toll on a girl's health, education and rights, which prevents her from realizing her own potential and has adverse impacts on the baby. Adolescent childbearing is generally associated with higher risk of adverse health outcomes of mother and newborn baby including a greater risk to maternal and child mortality [7, 8] . In addition, young mothers may not be sufficiently emotionally mature enough to bear the burden of childbearing [9] . Moreover, the economy of the country is also affected by early childbearing as adolescent mothers are not in a position to enter the workforce due to their double burden of household maintenance and child rearing [3] . Studies also show that women who marry at a young age are likely to find motherhood, at the expense of development in other areas including education, employment and personal development [5, 6] .
A large body of research has looked at determinants of adolescent motherhood in the global context [3, 10, 11] . In general, findings of those researches show that early age at marriage, lower use of contraception, higher spousal gap, and lower socioeconomic attainment play a pivotal role in determining adolescent motherhood. Nevertheless, there are very few studies that have examined trends and determinants of adolescent fertility in Bangladesh [12] [13] [14] . Among recent studies, Kamal (2012) investigated factors affecting adolescent motherhood using data from the 2007 Bangladesh Demographic and Health Survey [14] . The author found that women's education, husband's education, place of residence, ever use of contraceptive method, religion, wealth and region are important determinants of adolescent motherhood in Bangladesh. Khan and Raeside (2007) noticed that adolescent girls who were living in rural areas or the followers of Islam (Muslim in religion) were more likely to have children before age 20 in Bangladesh [15] . Using data from the four waves of Bangladesh Demographic and Health Survey (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , Nahar and Min (2008) revealed that there were significant variations across divisions (larger administrative unit) in having first birth before age 20 among Bangladeshi women [13] . They showed that women's higher education, higher age at marriage, and media exposure exerted strong influence in postponement of having children among adolescent girls in Bangladesh. It is evident that none of the earlier studies on adolescent motherhood in Bangladesh were done by using all (seven rounds) of the Bangladesh Demographic and Health Surveys [16] [17] [18] [19] [20] [21] [22] . Also those studies did not take into account 'time' effect in their analysis as important determinant to examine adolescent motherhood. This study is thus, an attempt to address these gaps in examining the trends and determinants of adolescent motherhood in Bangladesh.
The general objective of this study is to examine the trends and determinants of adolescent motherhood in Bangladesh. The specific objectives of this study are: (i) to examine the trends of adolescent motherhood pattern over times ; and (ii) to investigate to what extent the factors influence adolescent motherhood among women in Bangladesh. To achieve the later objective this study follows two parts: the first part deals with teenage girls (aged [15] [16] [17] [18] [19] to examine their childbearing status and the second part aims to identify the determinants of adolescent childbearing among adult women aged 20 and above. We expect, this study will contribute towards better understanding of the dynamics of adolescent childbearing in Bangladesh and will also facilitate generating better policy directions to bring desired changes in adolescent childbearing in Bangladesh, which will eventually contribute to ensure quality life of adolescents and healthy life of mothers and children in particular. 
Data and methods

Variables
The outcome variable of interest in this study is adolescent motherhood. In this case, adolescent motherhood includes women who had either given first birth or were first pregnant before the age of 20. Several demographic, socioeconomic, cultural and spatial variables were included in the analysis as predictors of adolescent motherhood. Among demographic variables, spousal age gap was coded into three categories: less than five years, five to ten years, and more than ten years. Age of the respondents (in years) was included in the analysis as a continuous variable. Among socioeconomic variables, education (both respondents' and partners') was coded into four categories: no education, primary, secondary, and higher. Employment status of the respondents at the time of the survey was coded into two categories: employed and not employed. Wealth index was measured through five categories: poorest, poorer, middle, richer, and richest. Among cultural variables, religion (Islam or others) and access to media (yes or no) were included in the analysis. Respondents' place of residence (rural versus urban) and division (Barisal, Chittagong, Dhaka, Khulna, Rajshahi, and Sylhet) were included in the analysis as spatial variables. Finally, a time variable (i.e., survey year) was included in the analysis to obtain unbiased estimates of the effects of independent variables on adolescent motherhood using data from the four time 
Analytical approach
Both bivariate and multivariate analyses were applied to explore the determinants of adolescent motherhood among ever married women in Bangladesh. Due to the dichotomous nature of the dependent variable multivariate logistic regression models were fitted to identify the demographic, socioeconomic, cultural and spatial determinants of adolescent motherhood. The results of the multivariate logistic regression analyses have been presented as odds ratios (OR) with 95% confidence intervals.
Sample characteristics
Among the teenage girls, 68.3% had started childbearing before the age of 20. On the other hand, 78.6% of the adult women started childbearing before the age of 20. More than half of the respondents, in both categories, had spousal age gap of 5 to 10 years. The proportion of no education was lower among teenage girls compared to adult women. Among teenage girls, 10.5% were employed at the time of the survey compared to 23.5% in the case of adult women. The proportion of women in each category of wealth index for both categories of women were almost identical except in the case of the richest category where adult women had higher percentages than teenage girls. About 70.0% of the respondents in both categories lived in rural areas. Majority of the respondents were inhabitants of Rajshahi division which was followed by Dhaka, Chittagong, Khulna, Barisal and Sylhet. More than 90.0% of the respondents were followers of Islam. Adult women had higher media access than teenage girls (36.5% and 29.1% respectively). The difference in background characteristics between teenage girls and adult women were statistically highly significant. Among the respondents in both categories, mean age at first marriage was 15.0 years. The mean age at first birth was 15.0 years among teenage girls and 17.4 years among adult women (Table 1) .
Ethics statements
The 2011 BDHS was conducted under the authority of the National Institute of Population Research and Training (NIPORT) of the Ministry of Health and Family Welfare. The survey was implemented by Mitra and Associates, a Bangladeshi research firm located in Dhaka. ICF International of Calverton, Maryland, USA, provided technical assistance to the project as part of its international Demographic and Health Surveys program (MEASURE DHS). An interview was conducted only if the respondent provided their verbal consent in response to being read out an informed consent statement by the interviewer. The permission of BDHS data set was available from https://dhsprogram.com/data and their user instructions were strictly followed (all BDHS data should be treated as confidential, and no effort should be made to identify any household or individual respondent interviewed in the survey). Ethical approval for the BDHS 2014 and 2011 was taken by the NIPORT from the BMRC (Bangladesh Medical Research Council).
Results
Trends of adolescent motherhood in Bangladesh: 1993-2014 On the other hand, there was no sustained pattern in the declining trend in the rate of pregnant with first child among teenage girls. For example, 1993-94, 5.6% teenagers were pregnant with their first child but it increased to 6.2% in 2011 with some fluctuations between 1993 and In urban areas, more than one-fourth of the adolescent women became mothers whereas about one-third of the adolescent women became mother in rural areas ( Table 2 ). The prevalence of adolescent motherhood was about four times higher among teenage girls with no education compared to those with higher than secondary education during the period of 2004 to 2014. Teenage girls in the lower wealth quintiles had substantially higher rate of adolescent motherhood than their counterparts in the higher wealth quintiles. There were also variations in adolescent motherhood across divisions. Among six divisions, teenage girls living in Rajshahi division had the highest rate of adolescent motherhood whereas Sylhet division had the lowest rate of adolescent motherhood during the period of 2004-2014 (Table 2) .
Adolescent motherhood differentials among adult women by background characteristics
The percentage distribution of adult women (aged 20-49) who had begun childbearing by age 20 is presented in Table 3 . In this category, women aged 20-24 had the lowest rate of adolescent motherhood among the different age groups. Consistent with the prevalence of adolescent motherhood among teenage girls, the rate of childbearing before age 20 was found to be lower in urban areas than in rural areas. Similarly, the rate of adolescent motherhood among adult women was substantially higher among lower educated women. The inverse association between wealth index and the rate of adolescent motherhood is also clearly evident among adult women as well. In consistent with the earlier pattern, Sylhet division had the lowest rate of adolescent motherhood and Rajshahi division had the highest rate of adolescent motherhood among adult women (Table 3) . 
Determinants of adolescent motherhood among teenage girls
Logistic regression estimates of the determinants of adolescent motherhood among teenage girls (aged [15] [16] [17] [18] [19] are presented in the form of odds ratios in Model 1 of Table 4 . The model includes respondents' spousal age gap, age, education, employment status, wealth index, place of residence, region, religion, exposure to media, husband's education and time (year of surveys). Among teenage girls lower spousal age gap was found to be associated with lower risk of adolescent motherhood. For instance, teenage girls with less than five years of spousal age gap had 55.3% lower risk of adolescent motherhood than their counterparts with more than 10 years of spousal age gap after adjusting for the selected covariates. On the other hand, lower education was associated with higher odds of adolescent motherhood among teenage girls than higher education. More specifically, teenage girls who had no education were found to have 2.76 times higher odds of adolescent motherhood than their counterparts who had higher than secondary education. This inverse pattern was also true in the case of the effect of husband's education on adolescent motherhood (Table 4) . Poorer wealth index was found to be associated with higher risk of adolescent motherhood among teenage girls compared to richer wealth index. For instance, Model 1 in Table 4 showed that teenage girls belonging to the poorest wealth quintile were 71.2% more likely to experience adolescent motherhood compared to their counterparts in the richest wealth quintile. Teenage girls living in rural areas were found to have 17.2% lower odds of adolescent motherhood than their counterparts living in urban areas. In addition, teenage girls living in Rajshahi division were found to have 30.2% higher risk of adolescent motherhood than those living in Sylhet division. Moreover, teenage girls having exposure to media were found to have 23.3% lower odds of having adolescent motherhood compared to those who did not have exposure to media (Model 1 in Table 4 ).
Determinants of adolescent motherhood among adult women
Logistic regression estimates of the determinants of adolescent motherhood among adult women (aged 20-49 years) are presented in Model 2 of Table 4 . In concordance with the findings of teenage girls, it was found that lower spousal age gap had lower odds of adolescent motherhood among adult women in terms of their age, education, employment status, wealth index, place of residence, region, religion, exposure to media, husband's education and time (year of surveys). In addition, lower education was found to be associated with higher risk of adolescent motherhood among adult women. For example, adult women who had no education were 5.26 times more likely to become mothers before age 20 compared to those who had post-secondary education.
In contrast to the findings of teenage girls no significant difference was found in adolescent motherhood among adult women across various categories of wealth index. Adult women living in rural areas were found to have 7.7% higher odds of adolescent motherhood than their counterparts living in urban areas. Moreover, among adult women all divisions had significantly higher risk of adolescent motherhood than Sylhet division. More specifically, among women aged 20-49 living in Rajshahi division had the highest risk of adolescent motherhood (93.7%) followed by Khulna division (90.8%), Barisal division (56.8%), Chittagong division (55.7%), and Dhaka division (47.4%) compared to Sylhet division (Model 2 in Table 4 ).
Discussion and conclusions
This study investigates the trends and factors affecting adolescent motherhood in Bangladesh using data from the Bangladesh Demographic and Health Surveys. The findings of the study suggest that despite substantial decrease in overall total fertility rate in Bangladesh, adolescent fertility is still highly prevalent. In addition, the trend of adolescent mothers who are pregnant with their first child had rather increased. The higher prevalence of motherhood among teenage girls can be attributed to the failure of preventing child marriage to a large extent in Trends and determinants Bangladesh in one hand [5] , and the lower rate of contraceptive use on the other [23] . It should be mentioned that though Bangladesh has made considerable progress in increasing overall contraceptive prevalence rate (44.6% in 1993-94 to 62.4% in 2014) it is still much lower among married teenage girls compared to adult women. For instance, in 2014 the prevalence of contraceptive use (any method) among teenage girls (aged 15-19) was only 51.2% compared to 67.7% among women aged 25-29. Part of the reason is that in most cases teenage girls take their desired number of children at younger ages to fulfill the expectation of husband and inlaws/ family members despite higher risk of having children before age 20 [24] . Higher spousal age gap both among teenage girls and adult women were found to be associated with higher adolescent motherhood. Possible reasons might be that higher spousal age gap leads to unequal power relations in the family and low level of inter-spouse communication which essentially translate into women's lower participation in family decision making process including decision to use contraceptives [25, 26] .
Regarding women's education and adolescent motherhood an inverse association was found. This was also true in the case of the impact of husband's education on adolescent motherhood. Plausible explanations of the inverse association between educational attainment and adolescent motherhood could be that lower educated women have lack of adequate knowledge about the high risk period of becoming pregnant, are not fully aware about family planning methods and the negative consequences of early childbearing on their health and children as well [27, 28] . These factors are further aggravated by the fact that lower educated women have lower levels of empowerment within family and society which eventually translate into higher level of adolescent motherhood [29, 30] .
Similar to education, poorer wealth indexes were found to be associated with higher prevalence of adolescent motherhood among teenage girls. This can be explained by the facts that the rate of child marriage is higher among poor females which eventually leads to early childbearing among millions of young females in Bangladesh since there is a social pressure of having children in the first year of marriage [31] . In most cases, these young females are characterized by lower educational attainment, lack of adequate knowledge about the negative consequences of early childbearing are financially dependent on their husbands and limited to no role in the decision making process which essentially restricts their capability to postpone their childbearing to older ages [31] . In addition, exposure to mass media were found to exert strong positive impact in reducing adolescent motherhood among teenage girls. Exposure to media contributes to creating awareness about negative consequences of early childbearing and are very influential in motivating couples in adopting family planning methods [32, 33] .
Two contrasting findings were revealed concerning religion: among teenage girls there was no significant difference in adolescent motherhood between Muslims and the followers of other religion. However, among adult women, Muslims were found to have higher adolescent motherhood than the followers of other religion. These contrasting findings about the impact of religion on adolescent motherhood can be explained by the fact that the role of religion on various aspects of personal life in general and on fertility behavior in particular has been diminishing over time due to the impact of modernization, urbanization [34] . Similar to the effect of religion, another contrasting finding was that teenage girls living in rural areas had lower adolescent motherhood than those living in urban area whereas adult women in rural area had higher adolescent motherhood than urban areas. Sample size variations among the two groups might be one reason. However, another possible explanation might be the positive impact of large scale socioeconomic development, access to electronic media and family planning interventions taken by the Government and NGOs in Bangladesh. It can be mentioned that a large number of NGOs are working in rural areas for overall socioeconomic development in Bangladesh for the last few decades. In addition, substantial variations were found in adolescent motherhood across divisions among adult women in Bangladesh which can be due to the differences in the prevalence of poverty, child marriage, and contraceptive use across divisions. Concerning the time effect, the odds of adolescent motherhood among adult women was found to decline overtime after adjusting for the selected covariates. The effect of time on adolescent motherhood can be attributed to the increasing trend of female education, labour force participation, women empowerment, and knowledge dissemination in Bangladesh. In connection with this it is worthwhile to mention that Bangladesh is one of the few developing countries that has achieved most of the Millennium Development Goals including reducing poverty, increasing female education, and reducing gender inequality [35, 36] .
Our study is not devoid of limitations. For this study to examine the factors affecting adolescent motherhood we analyzed only the BDHS 2004-2014 data rather than all other previous data. Also the determinants of adolescent motherhood could be classified as proximal and distal which are not shown in this study. Also, this study does not have a qualitative component and therefore does not aim to give an in-depth analysis of the changes in the incidence of adolescent motherhood.
In conclusion, it can be argued that adolescent pregnancy is the result of diverse underlying societal, economic and other forces, preventing it requires multidimensional strategies that are oriented towards girls' empowerment and tailored to particular populations of girls, especially those who are marginalized and most vulnerable [3] . Some of the recommendations provided here based on the findings of our study are: (i) addressing poverty can increase the age at marriage and resist adolescent motherhood. Policymakers should support interventions at the national and regional levels where age at marriage is low and adolescent motherhood is high, that economically empower girls and women; (ii) for stopping early marriage and early pregnancy the current emphasis on education for women(keeping girls in school) should be continued; special protection to poorer girls for enabling them to continue education and facilitate their participation in formal employment are needed; (iii) increasing adolescents' access to sexual and reproductive health, including contraception should be ensured; (iv) provision of better support to adolescent mothers based on regional variations should be arranged; and (v) indepth studies are needed to explore the vulnerabilities of adolescent women to understand adolescent motherhood dynamics in Bangladesh. Hossain.
